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Abstract 
In an Ultra super critical power plant, it is considered to be necessary to use Ni-base super alloys with higher strength in addition 
to conventional heat-resistant steel. Out of various materials in the pipe line, one important alloy i.e. IN 617 super alloy is 
selected for the Ultra Supercritical power plant applications for operation.  Creep is one of the major properties to be assessed for 
the material to be used in USC power plants. In this paper, creep behaviour of IN 617 super alloy is studied at various stress and 
temperatures and microstructures are correlated with high temperature properties. Microstructures of crept samples tested at two 
temperatures of 650oC and 700oC at different stress level were analysed and compared using optical and scanning electron 
microscopy techniques. 
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1. Introduction 
Energy security combined with lower carbon dioxide emissions is increasingly quoted to protect global 
environment by 21st century. Coal provides us abundant, low cost resources for electric power generation. In India, 
electric power generation by coal fired power plants becomes highly increased to meet the needs of growing 
population and economy. However, traditional coal-fired power plants emit damaging gases such as CO2, NOx, SOx 
at high levels relative to other electric power options. Adaptation of the ultra supercritical power plants with 
increased steam parameters significantly improves efficiency, which reduces the fuel consumption and the emissions 
of environmentally damage gases [1,2]. Coal-fired supercritical-steam power plants are currently operating with 
steam temperatures at the inlet to the high-pressure turbine close to or slightly above 600°C. The use of recently-
developed martensitic ferritic steels is expected to allow this temperature to be raised to 620°C, which probably 
represents the inherent limit of capability of these advanced steels. Further increases in temperature capability will 
require the use of Ni-base alloys. The range of alloys used in steam turbines is relatively small, partly because of the 
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need to ensure a good match of thermal properties, such as expansion and conductivity, and partly because of the 
need for high temperature strength at acceptable cost. The commercial alloys used depend on the maximum 
temperatures and pressures to which specific components will be exposed, and these are heavily dependent upon the 
detailed design of the turbine, which can vary significantly among the various manufacturers. For higher 
temperatures, Ni-based alloys will be required, and the question will be whether adequate strengthening can be 
developed in cast alloys, or whether wrought alloys will be needed. Out of various materials in the pipe line, 617 
super alloy is selected for the Ultra Supercritical power plant applications but the major materials needs are for Ni-
based alloys for operation at 760°C with (i) adequate creep rupture strength; (ii) abilities to cast them into the 
required size and shape, and to inspect for defects; and (iii) ability to perform initial fabrication welding (on cast or 
wrought forms, including dissimilar metal welds),and to make repair welds on aged material. Creep is one of the 
major properties to be accessed for the material to be used in Ultra Super Critical power plants. This study 
investigated the creep behaviour of Alloy 617 at high temperatures along with tensile properties at high temperatures 
and impact strength of the alloy.  
 
2. Experimental 
 
2.1 Materials 
 
Alloy 617 used in this study has been procured from Huntington Alloys Corporation, A special metals 
company, USA and the alloy received as a rolled plate. The chemical composition of alloy 617 is given in Table 1.  
The rolled plate is solution annealed at a temperature of 1180oC for 90 minutes and microstructure of the as received 
alloy is shown in Fig 1. 
Table 1: Chemical composition of the rolled plate supplied by special metals (wt.%). 
Ni Cr Co Mo Ti Al C 
Bal 22.2 11.5 9.4 0.4 1.0 0.09 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1Microstructure of as-received IN 617 Super Alloy plate (a,b): Optical (c): SEM Image 
a b 
c 
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2.2. Experimental Procedure 
 
The plate as received from special metals company, USA is cut down into standard creep testing sample 
(M10) as per ASTM E139. The creep sample prepared and tested in a constant load Creep Testing machine (Mayes 
make) under different stresses and temperatures. The temperature ranges from 650 to 800 degree Celsius where as 
stresses are varied from 160 to 360 MPa. Apart from the creep testing, stress rupture tests are also carried out in the 
same condition range to study the rupture behaviour of alloy 617 for ultra super critical power plant applications. 
 
Microstructural analyses are also carried out on the tested samples to investigate and correlate the structural 
changes of the alloy with the mechanical properties of the alloy. Subsequently hardness measurements are done to 
analyse the changes in hardness of the alloy on effect of various stresses and temperatures applied on the alloy. 
 
The study basically an initial work started for the material development program taken for Ultra Super 
critical power plant technology. 
 
3. Result and Discussions 
 
3.1 Creep  
 
Creep is one of the important material properties for high temperature applications, especially in thermal 
power plants. For Ultra Super critical power plants the operating temperatures are very high in the range of 700oC 
where creep testing of the alloy 617 is very important. As for IN 617 super alloy concerned creep-rupture tests were 
performed at different stress and temperatures and subsequently microstructural analysis were carried out to 
examine the effect on microstructure due to creep. The creep-rupture testing was carried out in the range of 650 to 
800oC with different stress condition ranging from 160 to 360 MPa. Fig2 shows the plot between the stress applied 
and the Larson miller parameter obtained from the creep rupture testing of the alloy 617 at different stresses and 
temperatures. The value of constant C has been taken as 20. 
 
 
 
 
Fig2: Showing Stress-LMP plot for IN 617 Super Alloy 
3.2 Effect of Creep on Microstructure 
Since alloy 617 is one of the major material identified for the Ultra Super critical power plant applications, 
studies on high temperature material properties are being carried out in every parts of the world. Creep plays the 
vital role for the selection of the material for high temperature applications. Chomette et al. [3] studied the creep 
behaviour of alloy 617 at very high temperatures of 850 to 950oC and correlated with the microstructure and 
observed the effect of cold working on creep behaviour of the alloy. Quanyan Wu et al. [4] also studied the creep 
behaviour of alloy 617 but the tests preformed are very limited. In our present study the micro-structural analysis are 
carried out of the tested samples and observed that the grain boundary precipitates are mostly rich in chromium, 
when analysed by energy dispersive X-ray microanalysis (EDS). The blocky particles M(C, N), are mainly 
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composed of titanium, when analysed by EDS, and are randomly distributed in the matrix and at twin boundaries. 
The EDS result shows the precipitates to be Cr-rich M23C6 carbides and Ti (C, N). The morphology of the 
precipitates was found to vary considerably from irregular geometries to a more symmetrical cubic geometry.  
Creep rupture tests were carried out at 650 and 700 degree celsius at different stresses to see the effect of 
creep behaviour on the microstructures. In this paper, two test conditions  are discussed, one at 650 degree Celsius 
with 320 MPa and another one at 700 degree Celsius with 280 MPa of stress. In the first case, the rupture hours 
estimated around 5000 hours where as in second condition the rupture hour was around 1000 hours. Microstructural 
studies like optical and FESEM microscopy were carried out along with EDS analysis where it reveals the 
precipitation of carbides which are Cr and Mo rich and the sizes are coarser in 700 degree case as compared to 650 
degree. In 650 degree case, the carbide precipitates are even distributed over the matrix as shown in Fig 3 where as 
in 700 degree; the carbide precipitates are accumulated over the grain boundaries and unevenly distributed over the 
matrix area as shown in Fig 4. For 650 degree; the Mo rich carbide precipitates found to be distributed over the 
matrix area and Cr rich carbide distribution found to be over the grain boundaries, where in case of 700 degree; all 
precipitates are on the grain boundaries.  
 
Fig 3: SEM Micrograph at 2000 X along with EDS Analysis of crept sample tested at 650 deg, 320 MPa  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4: SEM Micrograph at 2000 X along with EDS Analysis of crept sample tested at 700 deg, 280 MPa 
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4. Conclusions 
 
1. Plotting the Larson Miller curve for the alloy 617 indicated that the material posses good creep strength at 
high temperatures and stresses within the regime of 700oC. 
  
2. The presence of carbides, especially the Cr-rich Cr23C6 type, was the most important micro-structural 
feature which is thought to be precipitated mainly on the grain boundaries, while the Mo-rich precipitates 
are usually found within the grains. 
 
3. It was analysed from microstructural analysis of IN 617 super alloy creep tested sample that for 650 
degree; the Mo rich carbide precipitates found to be distributed over the matrix area and Cr rich carbide 
distribution found to be over the grain boundaries, where in case of 700 degree; all precipitates are on the 
grain boundaries. 
 
4. The study basically an initial work for the alloy 617 for the material development program for USC power 
plants, hence a detailed correlation of the creep strength and other mechanical properties with the 
microstructure are to be studied. 
 
5. References 
1).G Wright et al., Materials issues for turbines for operation ultra-supercritical steam. 
 
2) Dr. R. Viswanathan, Annual Progress Report, Steam Turbine Materials for Ultra supercritical Coal Power 
Plants 
 
3) Chomette et al., Journal of Nuclear Materials (2010). 
 
4) Quanyan Wu et al., PhD thesis work, MICROSTRUCTURAL EVOLUTION IN ADVANCED BOILER 
MATERIALS FOR ULTRA-SUPERCRITICAL COAL POWER PLANTS, material science, university of 
cincinati. 
 
 
